I. INTRODUCTION
Demand for energy is increasing every day. Finding new energy sources are always important. Among them, renewable ones, such as wind and solar power, are popular and they are environmental friendly energy sources [1] , [2] . For some locations which receive enough solar irradiance, PV panels can be preferred for generating electrical power.
The efficiency of the PV panels is around 25 %. When the converter and other losses are taking account, the efficiency can be down to 16 % [3] . Initial investment of PV systems is high. In order to pay back itself within a shorter time period, the efficiency needs to be increased. A typical PV system consists of dc/dc converter, voltage regulator, inverter and batteries. As a result of this, all over efficiency becomes lower. To increase the efficiency and decreases the initial capital, grid connected systems without batteries are preferred.
PV cells can generate different power depending on electrical loads at the same environmental condition. Because of that, the generation of the maximum available power is not guaranteed under all electrical loads. To transfer maximum power to the grid from PV cells, Maximum Power Point Tracking (MPPT) algorithms such Transferring the power to the grid is completed in two stages [4] - [7] . One of stages consists of a dc-dc converter including MPPT algorithm. The second stage has a dc/ac inverter. Two stage systems are complicated and costly and additional loss occurs in each converter. Because of simplicity and low cost, single stage systems become popular [8] - [11] . In this study, a single stage system, which does not require complex circuitry and modulation techniques, is introduced. It is simpler than existing ones and also it is capable of transferring maximum available power from PV cells to the grid. 175 W PV system is analysed under different solar irradiance and temperature conditions to validate the proposed circuit performance.
II. CREATING MODEL OF PV CELL AND PV PANELS
PV cells are p-n junction semi-conductors. In the literature, there are various types of PV cell equivalent circuit representations. Single diode equivalent circuit model is used commonly to express typical electrical characteristic of PV cells [12] , [13] .
A PV panel is built from connecting several PV cells in series or parallel [2] . Figure 1 shows a PV cell equivalent circuit and a PV panel with 9 cells. The PV load current show in Fig. 1 
In order to obtain the voltage and current relationship of a PV cell, the photocurrent and reverse bias saturation currents in (2) need to be defined. PV cell photocurrent (Iph) in (2) is
where G -actual solar irradiance value, Gref -reference solar irradiance value (1000 W/m 2 ), Isc -PV cell short circuit current (A).
The short circuit current in (3) can be obtained from (4) (1 ( )),
where Tref -reference temperature (298 K), Iscref -PV reference short circuit current (Gref and Tref), α -temperature coefficient.
In addition to that, (5) gives the reference PV short circuit current
where Voc -open circuit voltage. Finally, the reverse bias saturation current of a cell can be obtained by (6) 
where Eg -the band gap energy of the PV cell (= 1.1 eV). After placing (3) and (6) In addition to solar irradiance variations, the temperature also affects the voltage-current relationship in PV cells. For different ambient temperatures, the voltage characteristic of the PV panel is shown in Fig. 3 . In the figure, the ambient temperatures are 0°C, 25°C, 50°C, 75°C and 100°C. Unlike previous case, the maximum available power of the PV panel can be at different voltage level.
III. MAXIMUM POWER POINT TRACKING (MPPT) ALGORITHM FOR PV SYSTEMS
For the same environmental condition, based on the electrical load, the operating current and voltage of PV panel have different values. Therefore, generated power by the PV panel varies. In both cases, output power is not the maximum available power. The available maximum power at the same solar irradiance and temperature is 175 W as shown in Fig. 5 .
To utilize the PV panels at maximum performance in terms of power, additional circuits need to be designed. Then, PV panels can be run at maximum available power with any solar irradiance and temperature levels. Figure 6 depicts implementation of the P&O algorithm for different environment conditions. As can be seen in Fig. 6 , when the sign of (dP/dV) is positive, the reference voltage of PV panel is increased; otherwise, the reference voltage is decreased. That is repeated, until (dP/dV) equals to zero. The implementation of the P&O algorithm is illustrated in Fig. 7 . Detailed information can be found about the P&O algorithm in [14] , [15] . A converter for MPPT algorithm and an inverter are designed in PV systems. Instead of using two converters, a simple controlled full wave converter can be used in rectifier or inverter mode shown in Fig. 8 . In inverter mode, the delay angle of the semi-conductor devices must be higher than 90°. Therefore the electrical power flows from PV panel to the grid [16] . In addition to being a simple, the system does not require any modulation techniques. In the controlled full wave converter system, the delay angle of the semiconductor switches called (α) must be also
where Vdc -DC voltage source, Vm -maximum voltage source of the grid.
From Fig. 8 , the output voltage of the converter can be calculated from (8) 1 / sin( ) ( ) 2 cos( ) / .
The output current of the PV panel is
From (8) and (9), the transferred power to the grid can be written as 2 ,
where R -the equivalent resistance of the inductor, Plosspower losses, Pdc -generated dc power. Table I shows the operating current and voltage for the 175 W maximum power at the specified environmental condition given by the manufacturer (G = 1 kW/m 2 , T = 25°C).
To meet the maximum power condition, the voltage and current defined in (8) and (9) must be the same as the current and voltage shown in Table I.   TABLE I To ensure these conditions, the semi-conductor devices in the inverter must be controlled by a MPPT controller which determines the proper delay angle (α) by taking actual environment conditions into account.
Initially the proposed circuit is implemented without a MPPT controller shown in Fig. 9 . A 175 W Sun Rise (SR-M572175) PV panel is used. The system is analysed in MATLAB environment.
When solar irradiance is 1 kW/m 2 at 25°C, the PV panel generates 175 W as maximum power. To meet that, the switching delay angle is calculated as 96.54°. Inverter bridge voltage (Vo), PV panel current (Io) and output power (Pdc) are illustrated in in Fig. 10 . To illustrate the importance of the delay angle (α), two more experiments were conducted. First one was performed by adjusting the delay angle (α) to 110° randomly at the same environmental condition as before. The output power becomes 51.6 W. Instead of 175 W, the system generates only 51.6 W.
The second experiment was also performed under different environmental conditions (G = 0.5 kW/m 2 , T = 30°C). Solar irradiance is half of the previous condition and also temperature is five degree higher. From P&O algorithm, max available power is found out 85 W. To meet that, the delay angle (α) needs to be 97.75° under the new environmental condition. The experiment results are summarized in Table II . Proper delay angles for each different solar irradiance levels and temperatures must be calculated correctly by the MPPT controller. Otherwise, maximum available power cannot be generated. The MPPT controller determines the maximum power value of PV panel for actual environment conditions and selects the proper delay angle (α).
In the proposed design, PV output voltage, current and ambient temperature are used as inputs for the MPPT controller. Then, MPPT controller determines the maximum available power.
Depend on the desired power; the controller sets the switching delay angle. After that, the semi-conductor devices in the converter are triggered by the MPPT controller.
To present the performance of the proposed design, another experiment is conducted under instantaneously changed environment. Two different environmental conditions are simulated. Instantaneous output power is plotted in Fig. 12 . The average output power becomes approximately 96 W for the first condition and 136 W for the second condition. When the efficiency of the system, which is about 95 %, taken into account, calculated PV panel power and the output power are in harmony.
VI. CONCLUSIONS
Generating electrical power from PV panels has become popular in recent years. In the literature, two stage complex structures are commonly used. In the proposed technique, single stage structure is used and it does not require any complex circuitry and modulation technique. A 175 Watt prototype system is designed. Under different environmental conditions, MPPT controller adjusts the delay angle successfully. In the experiment, after tuning the delay angle for the new environmental condition by the controller, the system starts generating 136 W instead of 96 W.
